Spectroscopic data are noticeably enriched in six spectral regions of the main isotopologue 12 C 2 H 2 of the acetylene molecule, namely, in the regions around 3, 2.2, 1.9, 1.7, 1.5, and 1.4 µm. Among these regions, only those at 3 and 1.5 µm were already presented partly in the databases. The results of line intensity measurements, performed for the first time in the 1.4 µm region, are given. Data available in the literature, or obtained in the present work, are compiled to set up line lists usable for applications in the quoted spectral regions. On the whole, 5748 new lines pertaining to 65 bands can be added to the databases.
Introduction
A review of the acetylene spectroscopic parameters in the HITRAN database was given in a paper by Jacquemart et al [1] in 2003. Last issues of databases are HITRAN 2004 [2] and GEISA 2003 [3, 4] . HITRAN 2004 was enriched by the results of El Hachtouki and Vander Auwera [5] in the 1.5 µm region, which is an important spectral domain since it occurs in the emission range of telecom diode lasers. In the beginning of 2007, new line lists were added in the HITRAN database as update, in the 3.8 and 2.5 µm regions where line intensity measurements had been done [6, 7] . Despite these important improvements, databases are far from to be updated. Indeed, other recent line intensity measurements have been performed but
have not yet been put in the appropriate form to be included in databases. Five spectral regions of acetylene are thus concerned, the regions at 3 µm [1, 8, 9 ], 2.2 [10] , 1.9 [11] , 1.7 [11] , and 1.5 µm [12, 13] . The goal of this work is to set up line lists in these five regions, usable for atmospheric or astrophysical applications. Data existing in databases have been completed, using band-by-band effective models based on polynomial adjustments of line positions and intensities.
The aim of such lists is to help for current applications, not to propose a complete synthetic spectrum that more powerful models will be able to produce in some years. A sixth spectral region, at 1.4 µm, has been also investigated in the present work. More than 230 line intensities have been measured in this region, and a line list has also been produced to be put in databases. Section 2 of the paper reports results obtained around 1.4 µm from Fourier transform spectra recorded both at GSMA (Reims) and at LADIR (Paris). Section 3 presents in details the content of the line lists and how they have been set up in each spectral region. In the Conclusion we list the data of atmospheric and astrophysical interest which still have to be added to databases. In the remaining of the paper, databases refer specifically to the HITRAN and GEISA databases. The four cold bands observed by Vander Auwera et al [23] , and that we also observed in our spectra, are listed in Table 1 . Since these perpendicular bands are all of Π u ← Σ + g type, they
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exhibit the same structure with a strong Q-branch and a 3:1 intensity alternation ratio, according to odd:even J, J being the rotational quantum number of the lower level.
Experimental details
To study the C 2 H 2 1.4 µm spectral region, 15 spectra were obtained with the GSMA (Reims) step-by-step interferometer [25, 26] . Experimental conditions are gathered in Table 2 .
The apparatus was used with a tungsten radiation source, SiO 2 splitting and mixing plates, InSb detectors, and CaF 2 cell windows. Pressures were measured using two full scale ranges MKS Baratrons (10-and 100-Torr manometers) with an accuracy of 0.5%. Spectra number 1-10 of Table 2 had already been used to study the 1.5 µm region [12, 13] , whereas spectra number [11] [12] [13] [14] [15] are new spectra recorded with a shorter length cell, in order to better observe strong lines around 7200 cm
Nine additional spectra were obtained with the rapid scan Bruker IFS 120 HR interferometer of the LADIR (Paris). Experimental conditions are gathered in Table 3 . This interferometer was equipped with a Globar source, CaF 2 beam splitter, an InSb detector, and an optical filter covering the 500-12500 cm -1 spectral region. The whole optical path was under vacuum and a multipass cell of 1-m base length was used. The cell was equipped with KCl windows. The temperature of the gas in the cell was recorded via four platinum probes at different places inside the cell. The uncertainty on the temperature measurements has been estimated to be ±0.5 K.
Pressures were measured using two full scale ranges MKS Baratrons (10-and 100-Torr manometers) with an accuracy of 0.5%. Each scan among at least 390 recorded for every spectrum has then been individually transformed to a spectrum using the Fourier transform procedure included in the Bruker software OPUS package [27] , selecting a Mertz phase error correction [28, 29] .
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Note that the acetylene samples used in Reims and Paris were obtained from the same company, but became from different cylinders.
Method of measurement
To obtain the 12 C 2 H 2 line intensities in the 7200 cm −1 spectral region, we had at our disposal two sets of spectra recorded using two different spectrometers. Since these two sets of spectra are recorded at similar experimental conditions, the multispectrum procedure [30] used to derive line intensities can be performed by merging these sets. However, before running the procedure, we had to check that such a way to proceed is correct and does not induce systematic errors [31] . A sample of 50 lines has been chosen between 6600 and 7500 cm
, and their intensities have been obtained using GSMA and LADIR spectra separately. The average difference between the GSMA and LADIR results is (0.74 ± 1.30)%, with 1 SD after the ± sign.
This very good agreement entitles us to use the multispectrum procedure with the whole set of spectra. Let us recall that line intensities measured in the 6600 cm −1 spectral region from the GSMA spectra [12] were also found in very good agreement with those of El Hachtouki and
Vander Auwera [5] , i.e., (0.20 ± 0.64)%. The mean accuracy of absolute line intensities reported in this paper is estimated to be between 3 and 5% for most of the lines, but it can be worse than 10% for some very weak lines, or in the case of strong overlappings, especially in Q-branches.
Practically, the multispectrum procedure was used exactly in the same way as in [12] , so that we will recall here only what is important. First, spectra were prepared as in [12] :
adjustment of an effective value of the iris radius for each spectrum, determination of the phase error for the GSMA spectra, and calibration of the absolute wavenumber scale of each spectrum.
Then, the multispectrum procedure was run in the following conditions. A Voigt profile was used to calculate the absorption coefficient of the lines, and the self-broadening coefficients were hal-00745580, version 1 -25 Oct 2012
fixed at the values calculated according to [32] . The self-shifting coefficients were fixed at zero.
On the whole, 233 line intensities have been measured in 4 bands. These results are listed in Table 4 .
As far as line positions are concerned, let us recall that the wavenumber scale of the GSMA spectra had been calibrated as explained in [12] . For the LADIR spectra, the accurate absolute positions of 22 well isolated lines measured by Vander Auwera et al [23] have been used, the standard deviation of the fit being smaller than 0.0001 cm −1 .
Results and data reduction
For each line intensity S(T 0 ) obtained from the multispectrum fitting procedure, in cm⋅molecule −1 at the standard temperature T 0 = 296 K, we used the following formula to deduce the transition dipole moment squared |R| 2 , in D 2 (1 debye = 3.33546 × 10 −30 C⋅m)
where 1/4πε 0 = 10 −36 erg⋅cm 3 ⋅D −2 ; h is Planck's constant equal to 6.6260755 × 10 −27 erg⋅s (1 erg = 10 −7 J); c is the speed of light in vacuum equal to 2.99792458 × 10 10 cm⋅s
; g" is the statistical weight due to nuclear spin of the lower level (1 for s-type levels and 3 for a-type levels); ν 0 is the transition wavenumber in cm , is the energy of the lower level; k is Boltzmann's constant equal to 1.380658 × 10 −16 erg⋅K −1 . For perpendicular bands (∆ℓ = ±1), the Hönl-London factors are given by
In Eq. (1), the E" energy values of the ground state have been taken from HITRAN [2] . We used the partition function of Fischer et al [33] .
To reduce the data, effective parameters can be deduced expanding |R| 2 empirically to take into account the rotational dependence
m being equal to −J in the P-branch, J+1 in the R-branch, and J in the Q-branch. Table 5 . An example is plotted in Fig. 1 Table 4 ), are the consequence of measurements carried out for weak to very weak lines, therefore characterized by a lower precision.
A synthetic spectrum can now be calculated using the constants of Table 5 . For the sake of coherence, the set up of the line list in the 1.4 µm region will be described in the next Section.
Calculation of the line lists for the databases

General considerations
Our aim was to set up the line lists useful for the practical applications. For these purposes we did our best to take into account a maximum of published data. When accurate absolute line positions or line intensities were already published, we have picked up these values as they were published. The accuracy of these line positions is usually between 0.0003 and 0.006 cm −1 (see, e.g., [23] ), and that of line intensities is better than 2% (see, e.g., [5, 34] [36] . Note that the differences between E" values obtained from various sources are totally negligible for intensity calculations at temperatures other than 296K.
The other spectroscopic data are the same as those already put in the last updates of the databases: air-and self-broadening coefficients, default value for the temperature exponent of air-broadening coefficients, constant value for the air-pressure shifting coefficient, and their accuracies [2, 6, 22 ].
The present work only concerns the main isotopologue 12 C 2 H 2 . The upper plot of Fig. 2 shows the acetylene transitions present in the current version of HITRAN, with its last updates, their intensities being displayed vs. wavenumber. This figure shows that there is a lack of data in numerous spectral domains. Table 6 gathers the information of Fig. 2 together with the new data introduced by the present work. The first part of this table synthetises the whole data now available for C 2 H 2 , and the second part summarises details concerning the spectral regions and bands newly studied or updated in the present work. What we have done to set up a line list in each spectral region is detailed in the following sub-sections.
As far as the previous updates of 2007 (the 2.5 and 3.8 µm regions) are concerned, an exhaustive explanation has been given in the Appendix of [6] for the 3.8 µm region, but nothing has been published for the 2.5 µm region [7] . As the 2.5 µm line list has been set up exactly in the same way as for the 3.8 µm region, we will refer the reader to [6] , and we will only recall that vibrational transition dipole moments squared and Herman-Wallis coefficients were taken from Table 12 of [7] , and were used according to Eqs. (1-6) of [7] . The Q-branch of the ν 3 + ν 4 1 band received a special treatment, see Eq. (7) of [7] , and as it was erroneous both for positions and intensities in the update of 2007, it has been recalculated and corrected in the new version.
Furthermore, an error is present in Table 4 of [7] for R 2 values of these Q lines, so that the plot hal-00745580, version 1 -25 Oct 2012
of Q lines in Fig. 2 of [7] is wrong. Table 7 gives corrected values to put in place of those of the corresponding lines in [7] . For this Q branch, the A 1 Q value given in Table 12 of [7] is erroneous too: the true value to take into account is
. Let us recall that the Q-branch of the ν 2 + (2ν 4 + ν 5 ) 1 II band could not be calculated because it is too confined to allow line position and line intensity measurements, but its integrated absorption coefficient could be measured: 0.749 ± 0.040 cm
⋅atm −1 at 296 K. Furthermore, a few errors in vibrational and rotational assignments, without consequences for applications, have been corrected.
The 3 µm spectral region
In this spectral region, the databases already contained line positions and intensities from
Vander Auwera et al [37] for the two strong bands ν 3 and ν 2 + (ν 4 + ν 5 ) 0 + . Let us recall that line intensities of [37] and those obtained in [1] were found in very good agreement, namely [37] and [38] has been observed. Consequently, line positions calculated from [38] have been decreased by 0.0012 cm
. We have limited each branch to the maximum J value observed by Rinsland et al, namely J obs , so that, as in [38] , we have not performed extrapolation for line positions. However, as more lines were observed in [38] than in [37] , the two bands present in the databases have been extrapolated from J = 40 up to J = 50, line positions being calculated as said above, and line intensities calculated using the vibrational transition moments squared R 0  2 and Herman-Wallis coefficients obtained in [8] , that we had found very close to those of [37] and [38] . Note that for these two particularly important bands, the intensity As far as line intensities of other bands are concerned, they have been calculated using R 0  2 and Herman-Wallis coefficients obtained in [8, 9] , the Herman-Wallis factor being expanded according to Eq. (4) of [8] . To calculate line intensities, the total partition function of Gamache et al [35] has been used as in [8, 9] . Taking into account the sample of line intensities measured in each band, this calculation has been extrapolated only up to a J max value (between about 15 and 40) depending on the band (J max being smaller than J obs ). Beyond J max and up to J obs , the calculation has been performed fixing R 2 to the constant value R 2 (J max ). Note that for several bands of the 3 µm spectral region, the extrapolation has to be performed over almost 20 values of J, particularly for the two strong bands ν 3 and ν 2 + (ν 4 + ν 5 ) 0 + .
Our line list now contains 2000 additional lines around 3 µm. Thus updated, the databases should allow a noticeable improvement in the analysis of cool carbon star spectra [38] .
The 2.2 µm spectral region
Data concerning this spectral region do not exist in databases. Main references about the 2.2 µm spectral region can be found in a recent work [10] in which line positions and intensities
were measured for 444 lines of 8 bands. In [10] , vibrational transition dipole moments squared and Herman-Wallis coefficients were determined only for 2 bands. Indeed, because of strong interactions that lead to unusual rotational dependences of the transition dipole moments squared, the Herman-Wallis factor model is not always well adapted. However, for the purpose of the present work, this model has been used for the 6 remaining bands, to reduce line intensity data with enough precision. Effective vibrational transition dipole moments squared and HermanWallis coefficients have been obtained through Eq. (4) of [10] . They are given in Table 11 of [10] and Table 8 of this paper, the Herman-Wallis factor being expanded according to Eq. (4) of [10] . To calculate line intensities, the total partition function of Gamache et al [35] has been used as in [10] . The calculation has been extrapolated up to J max , but beyond J obs , R 2 has been fixed to the constant value R 2 (J obs ).
The uncertainty code of the intensity of high J lines has been degraded.
The 1.9 and 1.7 µm spectral regions
Databases do not contain information in the 1.9 and 1.7 µm spectral regions of C 2 H 2 .
Recently, these two regions were studied from a single campaign of measurements [11] . Line intensities were derived for 13 bands for which vibrational transition dipole moments squared and Herman-Wallis coefficients could be obtained, see Table 9 of [11] . Around 5900 cm −1 , line positions measured in [11] were found in very good agreement with those obtained by Keppler et al [39] . Consequently, line positions of [11] have been used to generate a line list through empirical polynomial adjustments. However, for bands for which more lines were observed in [39] than in [11] , line positions of [39] have been preferred for these adjustments. Line intensities have been calculated using the constants of with the total partition function of Gamache et al [35] to be consistent with [11] . Note that intensities published in [11] are those resulting directly from the fit of R 2 , whereas those given in the line list have been calculated using constants (see Table 9 of Ref. [11] ) truncated to take into account the actual accuracy. Though the differences between these two sets of values are small (inside the announced precision), values calculated for the line list should be preferred. As for the previous spectral regions, the calculation has been performed up to a J max value depending on the band (typically 20, 25, 30, or 35, according to the lines observed in [39] ), but beyond the value of the last measured intensity, namely J obs , R 2 has been fixed to the constant value R 2 (J obs ). Uncertainty codes of positions and intensities of extrapolated lines have been degraded consequently.
The 1.5 µm spectral region
The 1.5 µm spectral region is an atmospheric window where acetylene is able to be Vibrational transition dipole moments squared and Herman-Wallis coefficients of Table 4 of [12] hal-00745580, version 1 -25 Oct 2012
and of Table 3 of [13] have been used, according to Eq. (5) of [12] , and with the total partition function of Fischer et al [33] . Intensities have been extrapolated up to the last line observed in [39] , or to a J value slightly larger. Note that the uncertainty code is rather poor for a few weak hot bands whose intensities could be measured with a mean accuracy only between 10 and 20% [13] . Our line list now contains information about 24 bands around 1.5 µm.
The 1.4 µm spectral region
Line , is often observed in atmospheric and planet spectra.
Kabbadj et al [36] observed and assigned other bands of the same sequence between 440 and 570 cm −1 , and it would be important to take them into account in the databases. 
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Captions of tables Table 1 List of the bands observed in the ∆P = 11 series of transitions of 12 C 2 H 2 around 1.4 µm Table 2 Experimental conditions and characteristics of the spectra recorded in the 1.4-µm region using the stepping-mode interferometer in Reims (GSMA) Table 3 Experimental conditions and characteristics of the spectra recorded in the 1.4-µm region using the rapid-scan interferometer in Paris (LADIR) Table 4 Line positions and intensities for bands of the 12 C 2 H 2 molecule in the 1.4 µm region Table 5 ). . Σ S : sum of line intensities, in cm⋅molecule −1 at 296 K. S min -S max : limiting values of line intensities, in cm⋅molecule −1 at 296 K. J max ν : maximum value of J for which a line position has been measured. J max S : maximum value of J for which a line intensity has been measured. J max : maximum value of J present in the line list. (The first value is for the P-branch and the second for the R-branch. When a value is on a separate line, it concerns the Qbranch of the above band.) Cdν: uncertainty code for line positions [2] . Code 3: 10 Table 4 of [7] . Table 5 ). 
